Background: The present study aimed to study the relationship between serum 25 hydroxyvitamin D3(25(OH)D3) and insulin-like growth factor-1 (IGF-1) and thyroid nodules.
Background
Thyroid nodules is an independent lesion in the thyroid gland, and it is one of the common diseases on the endocrine system. With the broad application of high frequency ultrasound scanning, the detection rate of thyroid nodules in healthy population has reached as high as 50-60% [1] , and that is more common in female and elderly people as well. With the popularization of health examination and the appearance of thyroid color Doppler as a general examination item, the detection rate of several asymptomatic thyroid nodules is increasing, and individuals pay further attention to it. At present, the pathogenesis of thyroid nodules is not fully clear.
The lack of vitamin D3 is closely associated with the development of a variety of diseases such as, cardiovascular disease and malignant tumor. However, the relationship between the changes of serum vitamin D3 levels and the thyroid nodules is not still clear. Roskies et al. [2] found that the lack of serum 25(OH)D3 may be associated with the occurrence of thyroid cancer. IGF-1 probably plays an important role in the genesis and development of certain solid cold thyroid nodules, including papillary thyroid carcinomas, nodular goiters, and follicular adenomas [3] . High 25(OH)D3 level may be a factor in reducing cell proliferation and inducing apoptosis through complementary pathways or mechanisms.
Based on the above-mentioned researches, the purpose of this study is to further clarify the changes and interactions of serum 25(OH)D3 and IGF-1 levels in patients with thyroid nodules. The results provide further theoretical basis for the study of the mechanism of thyroid nodule development.
Methods

Subjects
Here, 410 health examination subjects were collected in Hebei General Hospital (China) during June 2016 to December 2016 with ultrasound examination. Among them, 300 cases found with thyroid nodules, while 110 cases did not have thyroid nodules. Exclusion criteria: thyroid nodules demonstrated malignant tendency of thyroid ultrasound, abnormality of thyroid function, thyroid related diseases, liver and kidney diseases, diabetes, malignancies, acromegaly, and subjects with the history of acute disease. The final subjects included 289 cases with thyroid nodules (nodule group) and 109 cases as normal subjects (control group). All subjects did not take therapies (LT4, cholecalciferol, etc.) that could affect the parameters considered.
Methods
Collection of general data
All participants were asked to fill in questionnaires designed by professionals (The questionnaire see in Additional file 1). General information covered sex, age, hypertension history, smoking, and drinking. All the subjects were tested based on the body parameters by the same group of operators, including height, weight, waist circumference, blood pressure, and body mass index (BMI).
Ultrasound examination
Ultrasound examination of thyroid nodules was using PHILIPS EPIQ7 color Doppler ultrasound system, L12-5 probe, frequency 7~12 MHz. The size of thyroid nodules was recorded, the ultrasonic data of thyroid nodules were quantified, and the cross-sectional area of thyroid nodules was calculated as well.
Detection of metabolic parameters
Biochemical tests were performed on fasting blood for 8-10 h. The main factors including fasting blood glucose (FBG), total cholesterol (TC), triglyceride (TG), high density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C) were analyzed by an automatic biochemical analyzer, and serum 25(OH)D3, fasting insulin (FINS) and thyroid function were measured by electrochemiluminescence, and serum IGF-1 was determined by radioimmunoassay.
Statistical analysis
Data obtained from the study were analyzed using SPSS 19.0 software (SPSS Inc., IL, USA). The normal distribution of measurement data was expressed by mean ± standard deviation ( x ±s), and non-normal state of measurement data is expressed by median (four quantiles). Two samples were normal and the variance was homogeneous compared with t-test, otherwise, a non-parametric test needed to be applied. Comparing the differences between two or more overall rates or the correlation between categorical variables were performed by χ 2 test. A linear correlation analysis between two variables was carried out using Spearman's correlation test. Two correlation analyses between categorical variables and some effective factors were undertaken using Logistic Regression Analysis. (LRA) P-value < 0.05 was statistically considered significant.
Results
Comparing the general data between the nodular group and the control group
The gender, age, 25(OH)D3, IGF-1, FBG, blood lipid, thyroid function, liver function, and other factors in the nodular group and the control group were compared. The results showed that the serum 25(OH)D3 level in the nodular group was lower than that in the control group (9.86 ± 6.66 vs. 12.74 ± 7.13 ng/L) (P < 0.001); the serum IGF-1 level in the nodular group was lower than that in the control group (111.10(81.53, 165.44) vs. 192.65(96.38, 313.49) ng/L), and the differences were statistically significant (P < 0.001) ( Table 1 ). The FBG, TC, WC, TT3, TT4, and hypertension and drinking histories were different between the two groups (P < 0.05).
The correlation between the single factors and the thyroid nodules Thyroid nodule was analyzed by LRA to reveal the effects of the single factors on the thyroid nodules, including sex, age, 25(OH)D3, IGF-1, FBG, blood lipid, WC, uric acid, thyroid function, liver function, BMI, HbA1c, HOMA-IR, hypertension, smoking history, and drinking history. The variables included FBG, TC, TT3, TT4, hypertension, 25(OH)D3, and IGF-1. The χ 2 value of LRA is 148.037 (P < 0.05), so the LRA has statistical significance. Therefore, 25(OH)D3, IGF-1 and TT3 were negatively correlated with thyroid nodules, while FBG, TC, TT4, and hypertension were positively correlated with thyroid nodules ( Table 2 ).
The correlation of serum 25(OH)D3 and IGF-1 with each factor
The correlation of serum 25(OH)D3 with age, IGF-1, FBG, blood lipid, FINS, thyroid function, liver function, and cross sectional area of thyroid nodules was analyzed by Spearman's correlation analysis. The results showed that serum 25(OH)D3 was positively correlated with IGF-1 (Table 3 ) (r = 0.123, P = 0.037), while there was no significant correlation with aforementioned factors.
The results of correlation between serum IGF-1 and aforementioned factors showed that the serum IGF-1 was negatively correlated with FBG (Table 4 ) (r = − 0.207, P < 0.001), and was positively correlated with 25(OH)D3 (r = 0.123, P = 0.037), while no significant correlation was found with other factors.
Correlation between 25(OH)D3 level and incidence of thyroid nodules
According to the quantile of serum 25(OH)D3, all the subjects were divided into four groups: Q1: < 5.19 ng/L (n = 99), Q2: 5.20-9.59 ng/L (n = 100), Q3: 9.6-14.01 ng/ L (n = 101), and Q4: ≥ 14.02 ng/L (n = 98), and the incidence of thyroid nodules for each group was 84.8, 75, 72.3, and 58.2%, respectively. The results showed that the incidence of thyroid nodules in group Q3 and group Q4 was lower than that in group Q1, and the difference was statistically significant (P = 0.030). The incidence of thyroid nodules in group Q2 was lower than that in group Q1, however, the difference was not statistically significant (P = 0.083) (Fig. 1) .
As LRA showed that IGF-1, TT3, FBG, TC, TT4, and hypertension were also associated with thyroid nodules, correction of the above-mentioned factors (i.e., the correction of different confounding factors through Model 1 (unadjusted), Model 2 (adjusted for FBG, TC, TT3, TT4, and hypertension factors), and Model 3 (further adjusted for IGF-1)) was used to further assess the correlation between the 25(OH)D3 level and the incidence of thyroid nodules (Table 5) .
In Model 1, as a reference for Q1 group, compared with Q3 group, the risk of thyroid nodules decreased (OR = 0.682, 95% CI: 0.481-0.969); after Model 2 corrected FBG, TC, TT3, TT4, and hypertension, the risk of thyroid nodules in Q3 group was still lower than that in Table 3 The correlation analysis results of serum 25(OH)D3 and various factors 
Correlation between IGF-1 level and the incidence of thyroid nodules
According to the levels of IGF-1, all the subjects were divided into four groups, namely Q1: < 84.34 ng/L (n = 99), Q2: 84.35-120.01 ng/L (n = 100), Q3: 120.02-222.30 ng/L (n = 100), and Q4: ≥ 222.31 ng/L (n = 99). In Q1 group to Q4 group, the incidence of thyroid nodules was 79.8, 85, 73, and 52.5%, respectively. The results showed that compared with Q1 group, the incidence of thyroid nodules decreased in Q4 group, and a significant difference was observed as well (Table 6 ) (P < 0.001), while there was no significant difference between Q2 group and Q3 group compared with Q1 group (Fig. 2) . LRA showed that 25(OH)D3, TT3, FBG, TC, TT4, and hypertension were associated with thyroid nodules. The above-mentioned factors were also corrected, and the correlation between the level of IGF-1 and the incidence of thyroid nodules was further assessed. Compared with Model 1 as a reference for Q1 group, the risk of thyroid nodules in Q4 group decreased (OR = 0.654, 95% CI: 0.530-0.807). In Model 1, as a reference for Q1 group, compared with Q4 group, the risk of thyroid nodules decreased (OR = 0.654, 95% CI: 0.530-0.807); after Model 2 corrected FBG, TC, TT3, TT4, and hypertension, the risk of thyroid nodules in the Q4 group was still lower than that in the Q1 group, however, the difference was not statistically significant.
Discussion
Vitamin D is a steroid hormone, and it not only can regulate the metabolism of calcium and phosphorus in 0.086 0.145 Fig. 1 The incidence of thyroid nodules in association with quartiles of serum 25(OH)D3 level. Note: Compared with subjects in the first quartile, a decrease of incidence of thyroid nodules was observed in the second, third, and the fourth quartiles (P = 0.083, P = 0.030, and P < 0.001). *P < 0.05, compared with subjects in the first quartile the body, but also plays an important role in the occurrence and development of numerous human diseases [4] [5] [6] , therefore, a great number of individuals tend to consume vitamin D to prevent different diseases [7, 8] .
The content of serum 25(OH)D3 in the body is higher than that of serum 1,25(OH) 2D3. Therefore, the serum level of 25(OH)D3 is typically selected to reflect the state of vitamin D in the body. IGF-1 is a peptide hormone composed of 70 amino acids and its amino acid chain is similar to that of the insulin chain [9] . After birth, the IGF-1 produced by the liver is the main source of circulating IGF-1, and the increase of circulating IGF-1 level is more tangible in puberty and adulthood [10] . Numerous studies have shown that the occurrence and development of cardiovascular diseases, malignant tumors, osteoporosis, and other diseases are associated with circulating IGF-1 levels [11, 12] . This study aimes to clarify the changes and interactions of serum 25(OH)D3 and IGF-1 levels in thyroid nodules patients. Vondra et al.'s study demonstrated that the increase in the risk of autoimmune thyroid disease was associated with deficiency of vitamin D. Serum 25(OH)D3 participates in the pathophysiological process of autoimmune thyroid diseases, and the risk of diffuse toxic goiter (Graves' disease) is associated with the gene encoding vitamin D binding protein and the polymorphism of 1,25(OH) 2D3 specific receptor remove "target cells" [13] . The relationship between vitamin D and thyroid disease is not still fully clear [14, 15] . This study revealed that the serum 25(OH)D3 level in the nodular group was significantly lower than that in the control group. LRA showed that 25(OH)D3, IGF-1, FBG, TC, TT3, TT4, and high blood pressure were associated with thyroid nodules. Correlation analysis suggested that serum 25(OH)D3 was positively correlated with IGF-1.
Therefore, it is presumed that these factors may affect the relationship between serum 25(OH)D3 and the incidence of thyroid nodules. All the subjects were divided into four groups according to the four quantiles of serum 25(OH)D3. The incidence of thyroid nodules was significantly decreased in Q1 group to Q4 group. Compared with the Q1 group, the incidence of thyroid nodules in Q3 group and Q4 group reduced, and there were statistically significant differences (P < 0.05). After correcting the aforementioned factors, the risk of thyroid nodules still decreased with the increase of serum level of 25(OH)D3, that is, the incidence of thyroid nodules in the high-level of 25(OH)D3 was lower than the low-level of 25(OH)D3. Nathan et al.'s study revealed that deficiency of vitamin D was found in both thyroid cancer and thyroid nodules, however, there was no significant difference in the degree of deficiency of vitamin D between thyroid cancer and thyroid nodules [16] . However, a number of scholars believe that serum 25(OH)D3 level cannot be used as a monitoring index for nodular thyroid disease [17] . Although there are few reports concerning the relationship between vitamin D and thyroid nodules, previous studies have found that deficiency of vitamin D is a risk factor for thyroid disease, which is consistent with our results as well. Consequently, we speculated that vitamin D may be reduced in the production of thyroid nodules by inhibiting cell proliferation, and a large number of controlled studies should be conducted in the future.
A study on children with simple goiter showed that serum IGF-1 levels in children with goiter were lower than those children without goiter, reflecting that low-levels of IGF-1 in serum may be associated with thyroid enlargement [18] . The Völzke et al.'s study [19] disclosed that the occurrence of thyroid nodules was associated with the high level of IGF-1 in serum, however, that was only observed in male patients. The results of this study showed that the serum IGF-1 level in the nodular group was lower than that in the control group. Logistic regression analysis showed that 25(OH)D3, IGF-1, FBG, TC, TT3, TT4, and high blood pressure were associated with thyroid nodules as well. Correlation analysis suggested that serum IGF-1 was positively correlated with serum 25(OH)D3, and negatively correlated with fasting blood glucose. Therefore, it is speculated that these factors may affect the relationship between serum IGF-1 and the incidence of thyroid nodules. Similarly, all the subjects were divided into four groups according to the four digits of serum IGF-1, then the incidence of thyroid nodules was reduced in Q1 group to Q4 group. Compared with Q1 group, the incidence of thyroid nodules in Q4 group decreased, and there was statistically significant difference (P < 0.05).
After the aforementioned factors were corrected, the occurrence risk of thyroid nodules was no longer decreased with the increase of serum IGF-1 level. An investigation showed that IGF-1 may play an important role in the pathogenesis of certain thyroid cold nodules [20] . Hsiao et al. [21] compared the serum IGF-1 of the thyroid cold and hot nodule group with the control group, and found that the concentration of serum IGF-1 in the hot nodule group or the cold nodule group was not significantly different from the control group (P > 0.05). To date, the relationship between serum IGF-1 level and thyroid nodule is not still clear. In this study, the incidence of thyroid nodules was not decreased with the increase of serum IGF-1 levels after correction of those aforementioned factors. Therefore, we speculated that IGF-1 may be involved in the pathophysiological process of thyroid nodules along with 25(OH)D3 and FBG, however, further studies are required to confirm that finding. There was no significant correlation between serum 25(OH)D3 or IGF-1 and the cross sectional area of thyroid nodules in this study, suggesting that serum 25(OH)D3 or IGF-1 may be independent of the size of thyroid nodules. LRA showed that serum 25(OH)D3 and IGF-1 were positively correlated with thyroid nodules. Correlation analysis showed that serum 25(OH)D3 was positively correlated with IGF-1. Therefore, we speculated that there may be some associations between serum 25(OH)D3 and IGF-1 in the formation of thyroid nodules. At present, there are relatively few reports concerning the relationship between serum 25(OH)D3, IGF-1, and thyroid nodules, however, similar reports have been found in some other diseases as well. A survey of type 2 diabetic patients showed that serum IGF-1 and other components were involved in the inflammatory process of diabetic nephropathy through vascular endothelial injury and inhibition of neovascularization. Serum 25(OH)D3 may be partially protected by inhibition of inflammation (e.g., inhibition of abnormal angiogenesis and vascular endothelial dysfunction [22] ). Besides, a previous study conducted in Italy revealed that circulation of IGF-1 is a major vascular protection factor at low circulation levels of vitamin D, and the mechanism is that IGF-1 strengthens the antioxidant and anti-apoptotic effects in endothelial cell culture [23] . Therefore, it can be concluded that the role of IGF-1 in Fig. 2 The incidence of thyroid nodules in association with quartiles of serum IGF-1 level. Note: Compared with subjects in the first quartile, a decrease of incidence of thyroid nodules was observed in the second, third, and fourth quartiles (P = 0.335, P = 0.259, and P < 0.001). *P < 0.05, compared with subjects in the first quartile disease is different. The results of this study suggest that serum 25(OH)D3 is a protective effect of thyroid nodules, and IGF-1 may affect the occurrence of thyroid nodules by 25(OH)D3, meanwhile serum IGF-1 may be as one of the indirect protective factors for thyroid nodules,which needs further study. There were also some limitations in the course of this study: 1) the study did not consider the age range of the subjects, 2) the pathological typing of thyroid nodules was not performed in this study, and 3) the ultrasound results were not recorded in detail and the relevant statistical analysis was not performed.
Conclusions
In summary. The incidence of thyroid nodules is relatively low in the high serum levels of 25(OH)D3, and serum 25(OH)D3 may be a direct protective factor for thyroid nodules. Serum IGF-1 may be as one of the indirect protective factors for thyroid nodules as well. 
